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We have observed in cholesteric liquid crystals optical umklapp processes. with which the third-harmonic generation is phase-matched. We also .show that phase-m:atched third-harmonic generation can be used to measure both the width and the asymmetry of ultrashort pulses .
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We have previously reported on the observation of optical thirdharmonic generation in a cholesteric liquid crystal satisfying a certain phase-matching condition. 1 However, because of the unusual characteristics of cholesteric liquid crystals, there exist many different phase-matching conditions. In particular, some of them require simultaneous presence of fundamental waves propagating in opposite directions. In still other cases, the third harmonic emerges
propagating backward with respect to the incoming fundamental. It is obvious that, in these processes, the total momentum of the interacting waves cannot be conserved but, as will be shown later, the momentum mismatch here is actually compensated by the lattice momentum, which has a unit of (4n/p)l'l where p is the helical pitch of the cholesteric substance. In analogy to electrons propagating in a periodic lattice,.
we can describe such phase-matched third-harmonic generation processes as coherent optical umklapp processes, or nonlinear Bragg reflection. 2
In this paper, we would like to report on the observation of such processes~ We also show that these processes provide a technique for measurements of pulse width and pulse asymmetry.
The problem of wave propagation along the helical axis (the z-axis) in a cholesteric liquid cryst~l is most easily solved in a rotating coordinate system defined by ~ = xCos(~) + ySin(~), 
.· .
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and e:; and e:n are the dielectric constants along sand n in the rotating coordinates. In the lab frame, the expression of the field becomes (2)
.·. a negative k _ corresponds to propagating waves with the Poynting vector in the +z direction, and vice versa.
If we allow waves to propagate in both +z and -z directions, then collinear phase matching of third-harmonic generation results when Although we have observed most of these-different phase matching conditions, we shall consider only two special cases here. They correspond -4-
and
where k · indica.tes waves with energy propagating in the -z direction.
For both cases, we can often neglect a in the expression fork±, so that k+ ~ k ± 2rr/p. The two phase matching conditions, Eq_s. (3) and (4) in the above cases of third-harmonic generation are actually compensated by lattice momentum.
We can also treat the problem in analogy to the problem of electron propagation in a one-dimens:iom11 periodic lattice. We can put Eq_. (2) The dielectric constants E(w) and E(3w) measured by the prism method in the isotropic phase at T = 55°C were 2.18 and 2.30 ± .01 respectively, and the birefringence factor a deduced from optical rotation measurements was 0.027 ± .002 in the vicinity of the phase-matching pitch. Using Eqs •. (1) and (3), we then. predicted that phase matching should appear at a pitch value p = 473 ± 3 )1m. ·This corresponds to a sample temperature of 38.0 ± l°C as obtained from the measured temperature dependence of . 6 . the pitch.
With the sample temperature 3ontrolled to within ± 0.02°C, the uncertainty in the predicted temperature is mainly .,due to uncertainty in the pitch measurements.
The laser beam normally incident on the sample along z was left circularly polarized (. 
